Scatter-hoarding animals cannot physically protect individual caches, and instead 11 utilize several behavioral strategies that are hypothesized to offer protection for caches. 12 We validated the use of physically altered, cacheable food items, and determined that 13 intraspecific pilfering among free-ranging fox squirrels (N = 23) could be assessed in the 14 field. In this study we were able to identify specific individual squirrels who pilfered or 15 moved caches that had been stored by a conspecific. We identified a high level of 16 pilfering (25%) among this population. In a subsequent study, we assessed the fate of 17 squirrel-made caches. Nineteen fox squirrels cached 294 hazelnuts with passive 18 integrated transponder tags implanted in them. Variables collected included assessment 19 and cache investment and protection behaviors; cache location, substrate, and 20 conspicuousness of each cache; how long each cache remained in its original location, 21 and the location where the cache was finally consumed. We also examined whether 22 assessment or cache protection behaviors were related to the outcomes of buried nuts. 23 Finally, we measured the population dynamics and heterogeneity of squirrels in this 24 study, testing the hypothesis that cache proximity and pilferage tolerance could serve as a 25 form of kin selection. Polymer chain reaction (PCR) was used to analyze hair samples 26 and determine relatedness among 15 squirrels, and the potential impact of relatedness on 27 caching behavior. Results suggested that cache protection behaviors and the lifespan of a 28 cache were dependent on the conspicuousness of a cache. Squirrels may mitigate some of 29 the costs of pilfering by caching closer to the caches of related squirrels than to those of 30 non-related squirrels.
Experiment 1: Testing squirrel responses to stimuli 148 In order to observe cache movements in the field, we painted 350 caching stimuli 149 (intact hazelnuts) with two coats of yellow non-toxic acrylic paint (Sargent Art, Hazleton, 150 PA). We first tested the squirrels' ability to discriminate between painted and unpainted 151 hazelnuts to determine whether the paint might make it easier or more difficult for 152 squirrels to locate cached nuts. The study was conducted outside of Tolman Hall on the University of California, 9 container had a latch on one end that allowed the side to be lowered to allow easy access 168 into the box. The apparatus was divided into sixteen 12.7 x 12.7-cm quadrats, numbered 169 from one to sixteen. 170 Data were collected between October 14 and November 5, 2014. We lured one 171 marked squirrel at a time into the apparatus by calling to them and placing small pieces of 172 peanuts nearby and on top of the sand. Once the squirrel was habituated to entering the 173 apparatus, the peanut pieces were removed. 174 Four painted nuts, and four unpainted nuts were placed in quadrats chosen by a 175 random number generator (random.com), such that no quadrat had more than one nut in 176 it, and on any given trial, half of the quadrats contained a buried nut. Each hazelnut was 177 covered with enough sand that it could not be detected visually. The focal squirrel was 178 allowed to sniff around and dig in the sand, until it found a hazelnut. Some squirrels did 179 not locate a hazelnut and left.
180
When a squirrel first located a hazelnut, the following data was recorded: the name 181 of the squirrel, the quadrat the nut was removed from, and whether the nut was painted or 182 unpainted. All squirrels that found hazelnuts carried them away and cached them.
183
Between trials, all nuts were removed from the apparatus, the sand was stirred around to 184 reduce olfactory cues, and nuts were placed in new locations as predetermined by random 185 number generation. 
Results of Experiment 1 188
Six squirrels completed at least 20 trials. A total of 118 trials were conducted. In 64 189 (55%) of the trials, the squirrel found a painted hazelnut first; in the remaining 54 trials, The study was conducted between the hours of 10:00 and 16:00 on each weekday 216 from June 16 th to July 25 th , 2014. The caching stimuli were whole hazelnuts, in the shell, 217 which had been painted bright yellow with two coats of non-toxic acrylic paint as in 218 Experiment 1). The focal squirrel recognized the painted hazelnuts as food items, eating 219 or caching all nuts.
220
On each morning of testing we dispensed up to 15 nuts, one nut at a time, and 221 observed the focal squirrel while she either ate or cached the nut. The number of nuts 222 dispersed was dependent on the presence of the focal squirrel. On some days, she left the 223 study site before all 15 nuts were presented. If a nut was cached, we marked the number 224 of the nut and the location of the cache on a paper map. We also took a GPS waypoint for 225 each cache location. The focal squirrel cached 340 painted hazelnuts.
226
While nuts were dispersed, researchers noted which other squirrels could be observed 227 in the area. Each day, after dispersing all nuts to the focal squirrel, we used binoculars to 228 observe the squirrels in the study site for several hours each day. The yellow paint 229 allowed for increased visibility of the food items while carried by squirrels. Because the 230 nuts were painted, and all squirrels in the area were marked, when a squirrel was seen 231 moving or eating a yellow hazelnut, we were able to note the identity of the squirrel 232 carrying the painted nut. We also noted where nuts were re-cached. 
Results of Experiment 2 235
During 125 hours of observation, 102 nuts were observed being moved by a squirrel. We 236 observed the focal squirrel moving and either eating or re-caching 16 of these nuts. The 237 remaining nuts were pilfered by other squirrels, suggesting an overall pilfering rate of at 238 least 25 percent. Our observations suggested that although several individuals were 239 pilfering small amounts from the focal squirrel, some squirrels were more likely to pilfer 240 nuts than others, with two squirrels pilfering 14 and 15 nuts respectively ( Figure 1 ). For 241 22 caches (25% of stolen caches), nuts were pilfered within 20 minutes of being cached, 242 allowing us to note the specific identity of that cache. Of the two squirrels that frequently 243 stole nuts, one was a juvenile male often spotted in the same tree as the focal squirrel. First, 350 hazelnuts were checked to determine that they had no cracks in their shell.
14 with an 1/16" drill bit. A 12-mm 134.2 kHz pit tag (Biomark, Boise, ID) was placed in 281 each nut, and the hole was filled with Elmer's wood glue. The surface of the nut was 282 leveled when necessary by ensuring the hole was entirely filled with glue, and scraping 283 away any excess glue. After the glue was dry, the nuts were painted with two coats of 284 bright yellow paint (Sargent Art, Hazleton, PA). Due to experimental oversight, forty of 285 the nuts were painted light green with the same brand of acrylic paint. After the nuts were 286 dried, they were numbered 1 to 20 with a non-toxic marker, and placed in bags of 20 nuts 287 each that were labeled alphabetically, such that each nut had a unique alphanumeric code 288 (for example, A1, A2…B1, B2, etc.). All nuts were scanned with a BioMark HPR Plus 289 reader to verify that their pit tag was functional. We weighed each nut, and entered each 290 nut's alphanumeric code, pit tag code, and weight into a database. 
315
Trials were repeated until 10 nuts were handed out for the session or until there were 316 no squirrels available to participate. We alternated between different individual squirrels 317 between trials if multiple subjects were available and willing to participate.
318
When not handing out nuts, experimenters observed the squirrels to note if there 319 were any cache movements. We used the BioMark HPR Plus to search for previously 320 cached nuts, initially scanning for all cached nuts that had a known location at least every 321 two to three days. Other testing areas were scanned regularly using either the handheld Figure 5 . The relationship between relatedness and distance between caches. 560 Relatedness decreases distance between caches (a); squirrels tend to cache closer to their 561 own previously made caches than to those of other squirrels. Squirrels increased distance traveled from the food source as the experiment continued. This study also supported previous findings that squirrels are sensitive to food item value and 589 the social context when caching. Squirrels showed a tendency to travel further for heavier 590 hazelnuts, even though the range of nut weights in this study was very small (x = 3.94 g, range: 591 2.3 to 5.5 g). Several studies that have shown that tree squirrels tend to travel further for heavier 592 nuts, nuts that provide more nutritional content, and nuts that are at lower risk of perishability locations surrounding the test area, to better assess the level of dispersal among this population 697 of squirrels.
31

698
To summarize, this study established or validated several methods for testing the caching 699 behavior and population dynamics of a group of free-ranging, scatter-hoarding tree squirrels. The 700 results demonstrate the flexibility of squirrels when storing food and show that they adjust 701 behaviors according to several environmental and social factors. They also point to the need for a 702 greater understanding of how these behaviors are related to the outcomes of caches that are 703 stored for future use, a question that turned out to be much more challenging to answer than 704 anticipated.
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